Weed management is important for the increase of agricultural crops, since they have a negative influence on yield and harvest quality. To optimize the management it is possible to use the coffee infusion residues, which has caffeine contents, a substance that has an allelopathic effect to some plants. Thus, the goal was to evaluate the allelopathic effect of coffee residues in the emergence and growth of Urochloa brizantha under product doses, gathering and application seasons in pre-and post-emergence. The experiment was carried out at UFLA, in a greenhouse with potting, with Urochloa brizantha seeds, cultivar Piatã, in DBC with three replicates in the factorial (3 × 4 × 2): time of gathering (A, B, C); concentration of ground (0, 20, 50 and 100 (% W/V)) and pre-and post-emergence application. The height, fresh and dry weight, Emergence Speed Index-ESI and phytotoxicity were evaluated. It was verified the significance for pre-emergence treatments, reducing plant height, increasing phytotoxicity and reducing fresh weight. For the ESI, it was identified that only for gathering season obtained a significant result. In the phytotoxicity evaluations, it obtained interaction for the season of application with residue gathering season. For product doses and applications in pre-and post-emergence interaction was observed for phytotoxicity. It is concluded that the residue has allelopathic effect reducing growth and increasing phytotoxicity up to a maximum dose of 55.83 and 86.76 for pre-and post-emergence applications of Urochloa brizantha.
Introduction
Agribusiness presents strategic importance for Brazil both for food production, as well as for energy and fiber production, impacting significantly on gross domestic product.
In this context, one of the factors that still has relevance for agricultural losses is the occurrence of weeds that compete with agricultural crops for factors such as water, light, space, and nutrients [1] . Besides this influence, these plants can present allelopathic effect [2] , also acting as host of pests and interfering in the harvest.
For the proper management of invasive plants, it is necessary to associate mechanisms that benefit its control. Among them, we can point out the use of molecules that may present allelopathic effect. Control alternatives must constantly be incorporated into management systems considering the resistance of certain weeds to some herbicide molecules.
When these resistances are verified in some crop management strategies, they must be adopted to guarantee satisfactory control, taking into account the sustainability assumptions.
In this context, the study of new management practices meets the recurrent demand of our agriculture. In this line of research, some authors have already verified the interference of caffeine in the establishment of weeds that according to [3] , this substance causes a reduction of invasive plants around the coffee plant, possibly associated with canopy caffeine washing of coffee.
The application of this allelochemical can induce the appearance of abnormal seedlings, in which necrosis is the most evident symptom of the allelopathic effect, contributing to inhibit the growth of the host plant [4] .
[5] evaluated the allelopathic effect of the application of exogenous caffeine on the germination and growth of embryos of C. arabica L. and C. canephora Pierre, who concluded that these parameters were affected by the addition of exogenous caffeine, since as the amount of this alkaloid increased, the embryo rooting percentage was lower for the two species studied, significantly affecting the fresh mass of the embryos.
Caffeine, chemically known as 1,3,7-trimethylxanthine, presents a C/N ratio of 22/1, the nitrogen content of 2.3% [6] being present in several parts of coffee plants, including in the grains and in the residues.
For the sustainable use of this molecule, it is possible to use the coffee infusion residues, a substance that presents from 0.02% to 0.08% of caffeine [7] . Therefore, the objective was to evaluate the allelopathic effect of coffee residues in the emergence and growth of Urochloa brizantha under product doses, gathering season and pre-and post-emergence application.
Material and Methods
The experiment was conducted in a greenhouse at the Federal University of Lavras, in the Department of Agriculture, located at the geographical coordinates: with a dystroferric red Latosol, and 100 seeds of Urochloa brizantha cultivar BRS Piatã were sown in each pot, with a cultural value of 75% at depth of 2 cm. The seeds were donated by SOESP. This cultivar presents erect growth, height of 0.85 to 1.10 meters, medium tolerance to drought, perennial vegetative cycle and requires soil average fertility [8] . The sowing of the Urochloa occurred 21 days after the filling of the pots with soil, they were kept in a greenhouse under irrigation so that the seed bank present in the soil could germinate occurring later its withdrawal. Irrigations were performed by micro nebulizers up to field capacity.
The experiment was carried out in randomized blocks (RBD), with three replicates, in the factorial (3 × 4 × 2), the first factor: residue gathering times: 1) collected on the same day of use; 2) collected every day for 10 days and refrigerated storage after each gathering at 4˚C; 3) gathering performed on the first day and stored in refrigerator for 10 days at 4˚C; second factor: coffee ground doses in percentage (W/V) at doses of 0%, 20%, 50% and 100% and third factor: time of application: pre-and post-emergence, constituting 24 treatments and 72 experimental plots.
Pre-emergence applications occurred the day after sowing and post-emergence applications occurred after the emergence of 60% of seedlings.
The mixture of the solute with the solvent was carried out in a blender with stirring for one minute and then 100 ml of the solution was applied in each plot.
The evaluated parameters were: plant height 39 days after seeding, evaluating five plants per plot, performing with millimeter ruler, fresh and dry mass of the aerial part, performed in a forced circulation air at 60˚C to weight constant, with weighing done on a precision scale; analysis of phytotoxicity assessed through grading scale from 0 to 100 (total destruction [9] ), carried out by three people counting the average of the evaluators' scores and the emergency speed index (ESI) according to the methodology of [10] . The counting was carried out until the seedlings reached stability in the germination. For the characteristic evaluated within each treatment, the analysis of variance and the comparison of the average by the Tukey test at 5% of probability for the qualitative analysis were performed. For the quantitative analysis, the polynomial models were used for the effect of input doses. The criterion for the model selection will be the significance by the F test at 5% probability of error that pre-American Journal of Plant Sciences sented a higher coefficient of determination (r 2 ). Statistical analysis was performed in the statistical software Sisvar [11] . The normality of the data was verified according to the Lilliefors test [12] , through the application genes [13] . Data that did not present normal distribution were transformed by the equation (x + 1) × 0.5.
Results and Discussions
For the height variable, there was no interaction of the factors, identifying significance only for the application time factor, and the pre-emergence application showed lower plant height, Table 1 .
As the reduction of height was observed in the pre-emergence treatment, it assumes that the residue presents better assimilation of the residue at the seed stage, provoking a cytotoxic effect due to the nuclear alterations inducing the binucleate of the meristematic cells [14] , or acting in the post emergence, since seedlings at this stage are more sensitive to environmental stresses.
This reduction in growth is probably related to the compound caffeine, a thermostable substance that is highly soluble in water, inhibiting seed germination or seedling growth [15] .
[16] applying coffee residues, observed a decrease in lettuce, carrot and spinach growth, revealing that the inhibition of N and P mineralization had an inhibitory effect on plant growth, which may also be associated with the presence of caffeine. The same author states that the results in the literature are still contradictory but the main reason for such inhibition should be related to the presence of caffeine which may have reduced the availability of nitrogen to the plants.
The ESI was not affected by the interaction of the factors, presenting significance only for gathering seasons, which reduced the emergence for gathering season A and B. A higher ESI was observed and statistically different for gathering season C (p-value = 0.014), Table 2 . May et al. [17] verified that in treatments Averages followed by the same letter do not differ statistically from each other at 5% probability. with coffee husks at different doses they had lower germination as an increase in the concentration of the extracts, which was not verified for the doses of the product.
The dry weight was not influenced by any of the treatments, however, for the fresh weight, there was a significant effect, isolated, for the application seasons, and it was found a lower weight for the pre-emergence when compared to post-emergence, Table 3 , showing a smaller volume of plants exploring the area, which may influence less competition with the agricultural crop. [18] analyzed that the aqueous extract of coffee husk caused an increasing linear effect in the dry matter production of the caruru, not corroborating with the results found in relation to the different materials but with caffeine in common.
The evaluated phytotoxicity allowed to verify the interaction between the gathering season of the residue and the application season, verifying that for the gathering season A, applied in pre-emergence the phytotoxicity was significant presenting 2.42 more phytotoxicity than the treatment in post-emergence, Table   4 . For the interaction, pre-emergence application, the highest phytotoxicity was identified for the gathering season A, Table 5 , possibly associated to a higher solubility of caffeine at room temperature, considering that the other residue gathering season remained in the refrigerator.
In the interaction for the 100 dose of residue at the application season, significance was identified for the data, and 2.41 times greater phytotoxicity was observed for preemergence application, Table 5 . This may be associated with the damage caused in the radicles of the plants in the initial stage of development which directly influences the absorption of water and nutrients causing injuries in the aerial part. For the lower doses probably no result was obtained considering that the caffeine is strongly retained in the soil clays in similar proportions [19] . Therefore, higher doses present greater availability of caffeine.
For the interaction of residue doses for pre-and post-emergence applications, it is observed that for the pre-emergence application the dose of 86.76 grams obtained greater phytotoxicity, Figure 1 This curve inflection is probably observed with increasing doses in response to inhibition of the caffeine effect by some compound present in the residue. According to [20] , the decrease in inhibition with increasing concentration suggests that extracts of low concentration of Arabica coffee could contain concentrations of other substances that would stimulate germination. The same author Averages followed by the same letter do not differ statistically from each other at 5% probability. Averages followed by the same letter do not differ statistically from each other at 5% probability.
(a) (b) Figure 1 . Interaction of the residue doses for pre-emergence (a) and post-emergence (b) applications for phytotoxicity analysis. points out that arabica coffee straw extract at concentrations of 25% and 50%
(v/v) indicated a greater inhibitory effect on germination, whereas at the concentration of 100% (v/v) it favored germination.
[21] concludes that increasing coffee residue doses increases the delay in the growth of tomato seedlings, noting that the inhibitory effect may be associated with secondary metabolites causing allelopathy, such as caffeine.
Conclusions
Allelopathic effect of the residue was verified for pre-emergence applications to reduce height, fresh weight, and phytotoxicity.
Product doses showed a quadratic effect on phytotoxicity of Urochloa brizantha.
The ESI was reduced due to the gathering season of gathering residue.
